Introduction 39 48
The genus Burkholderia is comprised of over 60 species that were originally included in the 49 genus Pseudomonas, but was identified as unique by Yabuuchi et al. in 1992 (5) . Burkholderia 50 are diverse and include species that are adapted for life in the soil, as endosymbionts, and as 51 pathogens for both plants and animals. Of the pathogenic bacteria, there is a group of 18 species 52 that are together identified as the Burkholderia cepacia complex (BCC), which are most 53 predominantly associated with infections that can be lethal in immunocompromised human 54 patients, most notably, patients with cystic fibrosis (6). Because of the wide variety of species 55 Sawana et al. (7) proposed separating the genus into two separate genera: Burkholderia, which 56 contains the pathogenic species and Paraburkholderia which contains the environmental species. 57
However, further examination of this clade reveals that this separation and reclassification is 58 premature because of difficulties in placing intermediate species (8) . Therefore, we stick with 59 the original genus name, Burkholderia. 60
To support naming new species, we examined multiple isolates of each species in several ways. 62
First, we have already established that they can cause the farming trait in D. discoideum, where 63 farming is the ability to carry food bacteria through the social stage and then release and 64 consume it after the spores hatch (4). Second, we place the Burkholderia isolates in a phylogeny 65 along with other Burkholderia species. Third, we examine carbon usage using a suite of possible 66 carbon food sources. Fourth, we measure the length of the bacterial cells. Fifth, we investigate 67 optimal growing temperatures. Based on these data, we name 3 new species. 68 69
Results

70
B. agricolaris sp. nov., B. hayleyella sp. nov., and B. bonniea sp. nov. are gram -negative, 71 motile, rod-shaped, β-proteobacteria. We isolated these bacteria in association with field-72 collected clones of D. discoideum (Table 1) . These symbiotic species can be differentiated from 73 each other and from other Burkholderia by their endosymbiotic habit (4), phylogenetic 74 placement, carbon usage profile, cell length, and optimal temperature range. Biolog GN2 test plates are organized into eleven functional groups (Supplementary Table 2) , and 86 we subjected these groups to principal component analysis (PCA). The generalized output of the 87 PCA revealed that most of the variation could be described by PC1 (79.3%) and PC2 (8.6%). 88 PC1 is composed of ten of the eleven components and positively correlates roughly equally with 89 nine of these components (carbohydrates, esters, carboxylic acids, amides, amino acids, aromatic 90 chemicals, amines, alcohols, and phosphorylated chemicals) suggesting these nine criteria vary 91 together, with a tendency towards loss in B. hayleyella and B. bonniea. PC2 is composed of six 92 components and positively correlates strongly with two (phosphorylated chemicals and amines). 93
One component of the PCA analysis, brominated chemicals, was utilized by all of the bacteria so 94
was not useful in distinguishing between the carbon groups. The scatter plot of the component 95 scores for PC1 and PC2 shows that the non-symbiotic species and B. agricolaris sp. nov. can use 96 a broader range of carbon sources than B. hayleyella or B. bonniea (Figure 2) . We found the 97 most variance in carbon use was explained by an interaction between Burkholderia species and 98 carbon type (χ 2 = 497.43, DF = 43, P ≪ 0.001, ΔAIC = -175.0). We also found an overall effect 99 of both additive terms in the model, Burkholderia clade (χ 2 = 58.54, DF = 3, P ≪ 0.001, ΔAIC = 100 -52.5) and carbon type (χ 2 = 383.94, DF = 10, P ≪ 0.001, ΔAIC = -363. close relative non-symbiont Burkholderia. We tested all isolates to determine the range of 141 temperatures permissive for growth and the optimal growth temperature. We used a range of five 142 temperatures: 4˚C, 22˚C, 30˚C, 37˚C, and 45˚C. For range of growth, we first found that none of 143 our isolates including the non-symbiont controls were able to sustain visible growth at either 4˚C 144 or 45˚C (Figure 4 ). The optimal growth temperature for the three symbiont Burkholderia sp. 145 nov. is 30˚C compared to the non-symbiont optimum of 37˚C. We found all isolates of B. 146 hayleyella and B. bonniea grew less densely overall and had no growth at 37˚C compared to non-147 symbiont controls and B. agricolaris. B. agricolaris grew vigorously at 30˚C and moderately 148 well at 37˚C compared to non-symbiont controls that had excellent growth at a higher optimal 149 temperature of 37˚C. We performed a Fisher's Exact Test comparing the 22˚C, 30˚C, and 37˚C 150 data and excluding the 4˚C and 45˚C because neither symbiont nor non-symbiont isolates grew at 151 these two temperatures. The results of the exact contingency table test (Supplementary Table 5 ) 152
showed that the growth range and extent of growth differed among the four groups of 153 Burkholderia (P < 0.001). We did post hoc tests to determine specific growth differences. new species. We have tested the closest 16S relatives and found only these three sp. nov. have 252 the ability to colonize D. discoideum, to be carried through multiple amoebae to fruiting body 253 cycles, and to facilitate the carriage of food bacteria to seed new environments (4). We place 254 these new species in a phylogeny which shows they each comprise fully supported independent 255
clades. Phylogenetic evidence also show B. hayleyella, and B. bonniea strongly diverged from 256 other Burkholderia species. We analyzed physical and phenotypic traits of carbon usage, 257 bacterial length, and optimal growth temperature and found significant differences from non-258 These data taken together suggest genome streamlining of non-essential genes for the three 276 Burkholderia sp. nov. consistent with an endosymbiotic lifestyle. 277
Lastly, the optimal growth temperature of the three Burkholderia sp. nov. at 30˚C is lower than 278 14 adaptation to the much lower optimal growth temperature range of their host D. discoideum 280 which is 20-25˚C (14) Phylogeny: We used k-mers, DNA "words" of a given length k, to estimate the phylogenetic 305 relationships of the symbionts relative to other known plant-associated and environmental 306
Burkholderia. Such alignment-or even genome assembly-free methods are increasingly 307 available for many types of analyses that leverage next-generation sequencing data, including 308 phylogenetic reconstruction (16). These types of methods are particularly powerful because they 309 can combine assembled and unassembled genome sequencing data since k-mer frequencies can 310 be estimated from either data source. These methods also improve upon the shortfalls of species 311 delineation using 16S (17) as they can take into account sequence characteristics of entire 312
genomes. 313
We first estimated phylogenies using three different k-mer sizes, k=23, 29, and 31 with AAF 314 (Assembly and Alignment-Free) version 20160831 (18). The number of potential k-mers 315 increases by a factor of 4 as k-mer size increases. The appropriate size of k-mer to adopt is thus a 316 balance between information content (larger k-mers contain more information) and 317 computational efficiency (smaller k-mers require less computation and memory). Because all 318 topologies were identical for the k-mer sizes we tested, we chose k=23 for our final k-mer size. 319
Next, we ran 999 nonparametric bootstraps and resampled 1/k rows (k=23) from the shared k-320 mer table as described by the developer of this software (https://github.com/fanhuan/AAF 321 accessed Dec 2017). These bootstraps indicated that our topology was robust (all bootstrap 322 values = 1). 323
Carbon Usage: We used Biolog GN2 Microplates to determine carbon source usage patterns for 324 each bacterial isolate (Biolog Inc., Hayward, CA). These plates contain 95 test carbons and one 325 blank control well. The 95 test carbons correspond to 11 carbon groups such as carbohydrates 326 and amino acids (see Supplementary Table 2 for complete list of carbon groups and individual 327 carbons in each group). We brought the plates to room temperature prior to filling. We made 328 suspensions in non-nutrient buffer for each bacterial isolate at OD 600 0.7. We then added 150uL 329 of this bacteria suspension to each well of the GN2 plate. Plates were incubated at 30 o C for 24 330 hours, at which point they were photographed and the optical density was measured using a 331
Tecan Infinite M200Pro plate reader (Wavelength = 590nm, bandwidth = 9nm, 5 flashes per 332 well). We scored the results from the Biolog tests binomially -either the well was positive, 333 meaning that the bacteria could use the substance as a carbon source, or the well was negative 334
and it was not an available carbon source. To determine if a well was positive or negative, we 335 calculated if the absorbance of each well minus the blank control absorbance is above or below 336 97.5% of the blank control. This is equivalent to a 5% confidence for a two-tailed distribution. 337
We determined the negative baseline independently for each plate based on the value of the 338 blank control. We analyzed all data using R v3.4.1 (19) employing the following specific 339 packages (20-22). We performed a principal component analysis on the ability of individual 340 members of each Burkholderia sp. nov. and the three close sister Burkholderia to utilize carbon 341 grouped into 11 carbon types (See Supplementary Table 2 
for individual carbons in each group). 342
To test the effect of carbon usage by Burkholderia species, we used a generalized linear mixed 343 model with a random-slope and a binomial error distribution. We used Burkholderia clone as 344 our random factor, with clade and carbon type as fixed factors, and ability to use a particular 345 carbon source as the response. We also compared each carbon source between species pairs 346 (Supplementary Table 3 cooling, we removed the cover slip and added 5µL of the fixed bacteria samples directly onto the 363 agarose pad. Once the bacteria solution dried, the coverslip was replaced. We captured images 364 and measured the lengths of about 100 individual bacteria for each isolate using a Nikon TI-E 365 microscope and NIS-Elements software (see Supplementary Table 4 for exact number measured  366 for each isolate). Using R and package (21), we compared bacterial lengths among each isolate 367 using a generalized linear mixed model with a random-slope and a negative binomial error 368 distribution. We used Burkholderia clone as our random factor and clade as a fixed factor, with 369 cell length as the response. We made post hoc comparisons to test the effect of differences in 370 bacterial length between species pairs using Benjamini-Hochberg adjusted P-values (23). 371
Optimal growth temperature: To determine the temperature for optimal growth for each 372 species, we streaked all clones on SM/5 plates and placed them in 5 different temperatures (4°C, 373 22°C, 30°C, 37°C, and 45°C). We examined the plates and photographed them at 24 hours. We 374 scored plate growth using the following categories: no growth, little growth, moderate growth, 375 and excellent growth. We recorded optimal growth temperature for each isolate based on the 376 temperature at which the bacteria grew the most densely. We made a heat map of the data 377 ( Figure 4) and performed a Fisher's Exact Test with a 4 x 3 matrix testing the 22°C, 30°C, and 378 37°C temperature data to look for correlations (22). We excluded 4°C and 45°C data from the 379 analysis because none of the isolates including the controls grew at these temperatures. 380
Data deposition: All data are deposited in the Dryad Digital Repository (will deposit after 381 acceptance). 382 383
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Zuke for help with microscopy and Joe LaManna for help with principal component analysis in 400 R. We are grateful to James Tiedje at Michigan State University for Burkholderia xenovorans 401 LB400 and to Dr. Lionel Moulin at IPME, University of Montpellier, France for Burkholderia 402 phymatum STM 815. 403 Figure 1 . Phylogeny of three new non-pathogenic Burkholderia species found in association 487 with D. discoideum. We estimated the phylogenetic relationships of these symbionts with 11 488 known plant-associated and environmental Burkholderia species. We used k-mers frequencies 489 (k=23) of each genome and created an alignment and assembly-free distance tree. We ran 999 490 nonparametric bootstraps by resampling 1/k of the rows of the shared k-mer table and found that 491 each branching event was fully supported (bootstrap value = 1). The final tree is shown here 492 rooted by the B. mallei and B. pseudomallei clade part of the pathogenic Burkholderia cluster. 493 grows less densely at 37°C and best at 30°C. 515
